This paper emphasizes the notion that model features that contribute to endogenous price rigidity under staggered price setting lower the elasticity of marginal cost with respect to output, and these same model features tend to generate equilibrium indeterminacy, or "sunspot fluctuations", under price flexibility. Using this insight, staggered price setting is shown to imply persistent output responses to monetary shocks for certain parameterizations of one and two sector models with small increasing returns or countercyclical markups, and other model features that would contribute to persistence are discussed.
A key insight in this paper is the recognition that the flatness required for persistence in response to monetary shocks also plays an important role in another "Keynesian" approach to fluctuations in dynamic general equilibrium economies -models with sunspot fluctuations. For example, a flat marginal cost schedule enhances the persistence of output responses to monetary policy shocks in a staggered price setting model because rising costs place less dampening pressure on output movements if marginal cost responds weakly to output movements. Similarly, a flat marginal cost schedule enhances the ability of a model to allow fluctuations due to self-fulfilling expectations, or sunspot fluctuations, because the absence of output dampening through rising costs removes an important barrier to output movements. The early models of sunspot fluctuations due to strongly increasing returns (Benhabib and Farmer (1994) ) are a good example. The parallel requirement of "flatness" in both sticky price and sunspot models suggests that incorporation of features emphasized in the DGE literature on sunspot fluctuations will enhance the persistence of output responses to monetary policy shocks in sticky price DGE models; sticky price versions of the models in Farmer (1994,1996) and Gali (1994) , which were designed to illustrate the possibility of sunspot fluctuations, confirm this intuition.
Before turning to DGE models, section 2 develops a simple optimizing business cycle model that abstracts from capital accumulation to illustrate the central role the curvature of marginal cost plays in price rigidity. As emphasized in the static analysis of Ball and Romer (1990) , price stickiness only occurs when marginal cost is relatively acyclical. The lack of output dampening also leads to "near equilibrium indeterminacy"; when marginal costs do not rise in response to an output movement, the equilibrium level of output is indeterminate because rising costs place no pressure on output to return to any particular equilibrium level. Sections 3 through 5 use the notion that the real rigidities emphasized in the new-Keynesian literature on sticky prices are features conducive to indeterminacy to explore whether features conducive to indeterminacy in DGE models (as discussed in, for example, Benhabib and Farmer (1997) ) enhance the persistence of output responses to monetary policy shocks in sticky price models.
Two lines of work are very closely related to the analysis of this paper. First, in this paper, price rigidity is exogenous as is typical in new-Keynesian and sticky price DGE models, and the rational expectations equilibrium is unique under sticky prices for the parameter values considered.
However, the intuition is similar to the endogenous equilibrium selection price rigidity models of Farmer (1991) and especially Beaudry and Devereux (1995) . In these models, stationary sunspot equilibria exist for the chosen parameter values. By making prices a predetermined variable (i.e., set one period in advance), a unique equilibrium results. Intuitively, prices can act as a predetermined variable because, although desired price markups are constant, the increasing returns necessary for sunspots yield acyclical marginal cost, and hence predetermined prices are consistent with firm optimization.
Other closely related analyses are those of Kimball (1995) , Chari, Kehoe, and McGrattan (1996) , Dotsey, King, and Wolman (1997) , Erceg (1997) , and Goodfriend and King (1997) . Chari, Kehoe, and McGrattan (1996) illustrate the failure of the basic "neoclassical" dynamic general equilibrium economy to generate a substantial Taylor contract multiplier, as expected from the discussion of the new-Keynesian literature above. Kimball (1995) introduces several "real rigidities", emphasizing countercyclical desired markups as discussed in section 5. The analysis herein differs from each of these previous authors by making the observation that model features conducive to endogenous price rigidity under staggered price setting are those which tend to generate sunspot fluctuations under price flexibility; this observation opens a host of avenues for increasing the "Taylor contract multiplier", as discussed in section 6. A second important difference is the explicit consideration of staggered price setting, in contrast to the partial adjustment model used in Kimball (1995) and Goodfriend and King (1997) . Partial adjustment assumes a great deal more exogenous price rigidity than actual staggering, and hence is not the best model for focusing on endogenous rigidity. Finally, in sections 3 through 5 monetary policy is specified through a nominal interest rate 2 rule, as seems reasonable given central bank practices. This type of monetary policy renders the parameters of the money demand function unimportant for the persistence properties of staggered price setting, in contrast to the important role money demand plays in Chari, Kehoe, and McGrattan (1996) , Wolman (1997), and Erceg (1997) . 
Staggered Price Setting in an Optimizing IS/LM Model
In this section, the staggered price setting model is introduced in a simple optimizing IS/LM model (McCallum and Nelson (1997) ) to illustrate the model features important for endogenous persistence, and how typical dynamic general equilibrium models lack these features.
Consumers
Consumers have preferences over consumption of the final good (C) and labor (N) that are given by the utility function U = ∑ 3 {log(C ) -N /(1+s)}. Consumers receive labor income, i≥0 t+i t+i i 1+s
own the firms (and receive any profits), and invest in real bonds, so their budget constraint is given by
where W is the real wage, is profits, B is bond holdings, and r is the real interest rate. Utility maximization then implies the familiar equilibrium conditions:
C N = W .
t t t s
These conditions simply equate the marginal utility of consumption today with the discounted marginal utility from postponing consumption until next period, and the marginal rate of substitution between leisure and consumption to the real wage (which represents the price of leisure).
Note that all output of the final good is consumed (Y=C), so log-linearization of the above first order conditions (with lower case denoting the log deviation of the corresponding variable from its steady state value) yields y = E {y -r } , (2.1)
Final Goods
The final goods sector is competitive (i.e., firms are price takers and adjust nominal prices in 
Intermediate Goods
Intermediate goods firms will set nominal prices according to a rule discussed below, and meet demand (from the previous subsection) at the posted price. Equation (2.7) reveals the unsurprising conclusion that the elasticity of marginal cost with respect to output (b) is determined by returns to labor in production and the elasticity of labor supply (b = (1+s)/a).
Price Adjustment Rule
The staggered price setting model is a two period specification, inspired by Taylor (1980) and following the treatment of Blanchard and Fischer (1989) . Firms have market power and set prices (X) for two periods at the start of period t; in particular, firms choose the nominal price X that it maximizes ∑ E {3 (X Y -P 6(Y ))}, which shows that nominal prices chosen by a firm at time t are a markup (1/) over nominal marginal cost over the period for which the price will hold. Log-linearizing for 3≈1 yields the equation for the log of nominal prices set in period t used in Blanchard and Fischer (1989) and Chari, Kehoe, and McGrattan (1996) The nominal money supply (m) is a random walk.
Solution
The model considered above implies that real marginal cost is related to output by (2.7), which implies (in conjunction with (2.8), (2.9), and (2.10)) that output and the price level under staggered price setting are given by This is true even when labor supply is very elastic (s≈0). Chari, Kehoe, and McGrattan (1996) conclude that staggering is incapable of generating persistence based on models similar to that of this section.
On the Relationship Between "Real Rigidities" and Indeterminacy
The degree of price rigidity is decreasing in b; this result is intuitive, as it simply states that prices adjust more when marginal cost rises more quickly, and these rising costs serve to dampen output fluctuations. The formula for b suggests that low labor supply elasticities and increasing returns to labor are good candidates for lowering b and raising endogenous price rigidity. For example, Ball and Romer (1990) emphasize the possibility that efficiency wages raise the labor supply elasticity, thus lowering b and raising price rigidity.
A link between real rigidities and factors conducive to equilibrium indeterminacy relies on the fact that real rigidities tend to lessen the dampening of output fluctuations. Equilibrium indeterminacy similarly requires that the dampening influence of rising costs be lessened. For example, consider the extreme case of a model which results in b=0 in (2.7). In this case, the desired price markup never 6 deviates from its steady state value (mc=0), revealing that the equilibrium level of employment and output are indeterminate. The aggregate demand equation (2.7) allows the money supply (m) to act as a "sunspot" variable, and output equals nominal aggregate demand (y = m); the equilibrium level of output is indeterminate, and hence output simply follows aggregate demand.
The flexible price version of the model with b=0 similarly allows "sunspot fluctuations".
Under price flexibility, firms desire a constant markup (mc=0). With b=0, markups are always at their steady state value, and the equilibrium conditions are satisfied for certain "sunspot" processes.
A literature review also emphasizes the links between sticky price models and sunspot models.
The new-Keynesian notion of real rigidity is often associated with low labor supply elasticities, increasing returns or externalities, and countercyclical markups (Ball and Romer (1990) ). These same features conducive to price rigidity in the new-Keynesian literature play a central role in research on indeterminacy or "sunspot fluctuations", because these type of fluctuations similarly require that output movements not be strongly dampened by rising costs. For work on sunspots emphasizing low labor supply elasticities, increasing returns, and countercyclical markups, see Farmer (1994,1996) , Gali (1994) , Rotemberg and Woodford (1995) , Schmitt-Grohe (1997) , and the survey of Benhabib and Farmer (1997) .
A One Sector Dynamic General Equilibrium Model
The focus now shifts to staggered price setting in standard DGE models with capital accumulation. This focus allows direct comparison to previous work, and raises two questions:
1. Does previous work on sticky prices employ model features that generate persistence under staggered price setting?
2. If the answer to this question is no, can reasonably parameterized DGE models embody significant real rigidities, yielding persistence?
Consumers
Consumers have preferences over consumption of the final good (C) and labor (N) that are
given by the utility function U = ∑ 3 {log(C ) -N /(1+s)}. The primary modification from the i≥0 t+i t+i i 1+s
previous section is the incorporation of capital accumulation. Consumers own and rent to firms the capital in the economy, and own the firms (and receive any profits), so their budget constraint and capital accumulation equations are given by
where I is investment (of the final good), W is the real wage, U is the real user cost of capital, is profits, K is capital, B is real bond holdings, r is the interest rate on bond holdings, and d is the depreciation rate. Utility maximization then implies the familiar equilibrium conditions: Cost minimization by final goods firms yields the demand functions for intermediate goods
where X is the price of good i, and P is the aggregate price index
Intermediate Goods
Intermediate goods firms set nominal prices according to the staggered price setting model as above, and meet demand (from the previous subsection) at the posted price. Firms produce output according to the production function where real marginal cost MC (or the inverse of the price-marginal cost markup) is the lagrange multiplier on (3.5) in the minimization. In steady state, zero profits imply 7 = 1/MC = 1/ (the markup from the CES demand function above).
Equations (3.5)-(3.7) contain firm specific variables. Below, a log-linear approximation to the equilibrium conditions will be used to solve for aggregate dynamics. Integrating (3.5)-(3.7) over the unit interval containing intermediate goods producers and log-linearizing yields equations that, to a first order log-linear approximation, are identical to (3.5)-(3.7) with the individual firm subscripts (i) removed. Aggregation in sections 4 and 5 below uses the same approximation.
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Money
The treatment of monetary policy deviates importantly from that in the previous section and the majority of the literature by using a nominal interest rate rule to specify monetary policy.
Specifying monetary policy in terms of a nominal interest rate reaction function has two advantages.
First, monetary policymakers clearly view nominal interest rates as their policy instrument, and most of the VAR literature examining shocks to monetary policy focuses on innovations to nominal interest rates. This makes the focus on an interest rate rule herein a more appropriate description of actual policy behavior. The second advantage comes from not having to specify a money demand function.
In particular, a money demand function, derived say from money in the utility function as in Chari, Kehoe, and McGrattan (1996) , serves only to determine the behavior of real balances and the nominal money supply in response to a policy shock when the monetary authority follows a nominal interest rate rule (and real balances enter the utility function separably). The irrelevance of the money demand function for the output and price dynamics arises because, under separability, real balances only enter the money demand function; the other equilibrium conditions discussed above do not make any reference to money. This irrelevance of the money demand function under nominal interest rate rules is good news given the empirical instability experienced by money demand models, and suggests that the sensitivity of previous results on staggered price setting (such as Chari, Kehoe, and McGrattan (1996) ) to parameters of the money demand function (see Dotsey, King and Wolman (1997) The first equation is a simple reaction function relating the nominal interest rate to inflation and output (similar reaction functions are found in Taylor (1993) and Woodford (1996) ). The exogenous shock to policy, v, is autocorrelated to capture the persistence of shifts in policy. Note that under this specification the nominal interest rate at t+1 is known at time t ( is in the time t information set). In the exploration of the model which follows, the period under investigation will be a half year (to correspond with the simple two period price setting of the static model). The parameters are chosen such that the annual real interest rate is 4%, the annual depreciation rate is 10%, labor's share of output in the steady state is 0.7 (a=0.3), and the elasticity of labor supply is infinite (s=0). These values are close to standard in the equilibrium business cycle literature, and, in conjunction with a choice for returns to scale, pin down the steady state. While s=0 is low given microeconomic values of the labor supply elasticity, such values are necessary in a typical real business cycle investigation to generate realistic employment volatility.
The parameters of the nominal interest rate rule are set at the values suggested in Taylor follow an AR1 with autoregressive coefficient equal to 0.6 (at a quarterly frequency); this result leads to # equal to 0.5 in the impulse responses considered below, which may be a little high given the half-year periodicity in the base model, but is at least illustrative of how the model works.
Examples illustrating the staggered price setting model are contained in figures 1-3, which contain impulse responses for output and marginal cost to a unit decrease in the nominal interest rate
for various values of increasing returns to scale. In figure 1 , 7 = 1.01; this nearly constant returns to 10 scale is consistent with the overwhelming fraction of the literature on sticky prices in DGE models.
The staggered price setting model in figure 1 results in no endogenous price stickiness; by the period after the shock (when all firms have adjusted), output is below trend, illustrating the oscillatory dynamics implied by the base staggered price setting model under typical parameterizations. The key to this result is the sharp increase in marginal cost in the impulse response, which results in strong incentives for price adjustment. function, and hence firms have little desire to adjust prices. In effect, the dampening influence on output of rising costs has been greatly reduced by the increasing returns. This intuition is suspiciously familiar from the static model in section 2, where flat marginal cost was key for persistence. Note also that this large degree of increasing returns would generate indeterminacy (i.e., stationary sunspot equilibria) under price flexibility, again because the fairly large degree of increasing returns eliminates the dampening effect of rising costs on self-fulfilling expectations (see Benhabib and Farmer (1994) ).
It is this lessening of fluctuation dampening that links features conducive to sunspot fluctuations and features conducive to price rigidity.
These results reveal that staggered price setting does not result in persistent output responses to monetary shocks for DGE economies parameterized to lie near real business cycle models, as has been typical in the literature on sticky prices in one sector DGE models (Chari, Kehoe and McGrattan (1996) and, with additional complications, Dotsey, King and Wolman (1996) 
A Two Sector Dynamic General Equilibrium Economy
The one sector DGE model of the previous section generates persistent output responses through price stickiness under staggered price setting when parameterized in the region with low curvature in marginal cost. While the intuition follows directly from the optimizing IS/LM model and relies on flat marginal cost, the relevance of the result on endogenous stickiness may be questioned
given that the required degree of returns to scale (@1.7) is far outside recent estimates of return to scale (Basu and Fernald (1994) ). This section discusses persistence under staggered price setting in a two sector model, where the work of Benhabib and Farmer (1996) suggests far lower increasing returns generate a model with low curvature (and hence less output dampening and the possibility of sunspot fluctuations).
Consumers
Consumers have the same preferences as before. Consumers' budget constraint and capital accumulation equations are given by C + P I + B = W N + U K + + (1+r )B , t t t t+1 t t t t t t t
where P is the price (in terms of the final consumption good) of the investment good (which differs I from one because the goods are produced in different sectors), and the other variables remain the same as in the previous section. Utility maximization implies the familiar equilibrium conditions: where output is denominated in consumption units (so the real price of consumption in one).
Final Goods
The final consumption and investment good sectors are competitive (i.e., firms are price takers and adjust nominal prices in each period). The production function for final goods C and I take sector 
Aggregation
Feasibility requires that the labor and capital inputs used in each sector sum to the economywide totals 
Money
The nominal interest rate rule is the same as in the previous section.
Solution
The solution to the two sector model is found by log-linearizing the equilibrium conditions and solving for the unique rational expectations solution to the linearized system of equations. The parameters (other than returns to scale) remain the same as in the previous section.
Impulse responses to a unit decrease in the nominal interest rate for 7 = 1.01, 1.12 and 1. What is the intuition for acyclical marginal cost in the two sector model with relatively small degrees of increasing returns? In response to a fall in the nominal interest rate, labor and capital shift from the consumption sector to the interest-sensitive investment sector. This transfer of resources leads to the fall in marginal cost in the investment sector, as a small degree of increasing returns in the investment sector combined with the transfer of inputs across sectors results in lower marginal cost.
This same intuition suggests that including a home production sector, as in Perli (1996) , is an alternative to the consumption and investment sector formulation of this section, as then home production acts as the sector that sheds labor input during the boom.
In summary, this section has demonstrated that for relative small, and perhaps plausible, increasing returns, a two sector dynamic general equilibrium economy with staggered price setting generates endogenous price rigidity and persistent output responses to monetary shocks. As in section 2 and 3, flat marginal cost in the procyclical sector is the key, because flat marginal cost yields little dampening of output fluctuations. In addition, Benhabib and Farmer (1996) and Perli (1996) demonstrate that two sector models like that of this section generate sunspot fluctuations under price flexibility for increasing returns in the range considered in the sticky price versions above, again illustrating that features that lower the dampening effect of rising costs in sticky price models also lower the tendency of rising costs to dampen sunspot fluctuations under price flexibility.
A Model with Countercylical Markups
So far, both models capable of generating substantial persistence under staggered price setting rely on extremely flat marginal cost, generated through increasing returns. This emphasis on flat marginal cost focuses on one strand of "real rigidities" emphasized in the new-Keynesian literature.
The other strand of "real rigidity" emphasized particularly in Ball and Romer (1990) and Kimball (1995) focuses on the sluggishness induced in nominal price adjustment when relative price considerations become more important during economic booms because "competition" rises. Several models formalize the notion of increased competition during booms. Rotemberg and Woodford (1995) present a model in which collusive behavior is more difficult to maintain during expansions. Gali (1994) presents a model in which the elasticity of demand for procyclical durable goods is higher than the elasticity of demand for nondurable goods, and hence the more "competitive" sector plays a larger role in price determination during booms. Finally, Ball and Romer (1990) and especially Kimball (1995) present models in which the demand curve is "kinked" and has a higher elasticity when demand is high. The implication of increased competition in expansions arising in each of these models is that desired price markups are countercyclical. This section develops a sticky price version of Gali (1994) ,
showing that countercyclical markups generate a great deal of persistence under staggered price setting for certain parameter values. Consistent with the models of the previous two sections, the countercyclical markup model of Gali (1994) Utility maximization implies the familiar equilibrium conditions: 
where X is the nominal price of good i, and P is the nominal aggregate price index. Note that the i demand of final consumption goods firms has a different elasticity from that of investment goods firms.
Intermediate Goods
Intermediate firms will set nominal prices according to staggered price setting, discussed below, and again meet demand ( 
Money
Solution
The solution to the countercyclical markup model is found by log-linearizing the equilibrium conditions and solving for the unique rational expectations solution to the linearized system of equations. Most parameter values remain unchanged from previous sections. The fixed cost F is chosen such that returns to scale are 1.4, and the average markup (µ) is also set at 1.4 (so profits are zero in the steady state).
Impulse responses to a unit decrease in the nominal interest rate for 1/ = 1.40, 1.20 and 1.09 are contained in figures 7-9 for output and marginal cost. When 1/ = 1.40, the desired markups for both the consumption and investment goods' demand functions are identical (1/ = 1/ = 1.40), and hence the desired markup does not fluctuate with output movements. Therefore, figure 7 looks like the standard impulse response in a one sector model with strongly procyclical marginal cost, with output below trend in the second period after all prices adjust. These oscillatory dynamics are dampened somewhat in figure 8 , because here the desired markup is somewhat countercyclical, and hence the increase in marginal cost does not lead to as rapid price adjustment. The countercyclical desired markup arises because the desired markup for investment goods demand is 1/ = 1.20, whereas the desired markup for consumption goods demand is 1/ = 1.55, so that the increase in investment relative to consumption following a fall in the nominal interest rate raises "competitiveness". Figure 9 illustrates that this effect substantially increases persistence when the degree of competitiveness embedded in investment goods demand is much higher than that in consumption goods demand (1/ = 1.09, 1/ = 7.60).
This section has therefore illustrated that a dynamic general equilibrium economy with countercyclical markups can generate endogenous price rigidity and persistent output responses to monetary policy shocks under staggered price setting. As in every model in this paper, a "flat" model structure, i.e. one that prevents substantial output dampening arising from rising marginal costs, is the key. Countercyclical desired markups deliver "flatness" by making the fall in markups that accompanies output expansions when prices are rigid consistent with firms' wishes. This type of "flatness" is also key to the models using countercyclical markups to generate output fluctuations due to sunspot shocks under price flexibility, such as Gali (1994) , Rotemberg and Woodford (1995) , and Schmitt-Grohe (1997).
Discussion
Analysis of several DGE models reveals that endogenous price stickiness (and therefore persistent output responses to monetary shocks) only arises when model features that enhance "real rigidity" are incorporated; this result is unsurprising, as it simply corresponds to Ball and Romer's (1990) static emphasis on real rigidities as key to price rigidity. The key to practical implementation of this insight is the illustration that real rigidities also tend to lead to indeterminacy or sunspot fluctuations under price flexibility. The intuitive link between features conducive to price rigidity and features conducive to sunspot fluctuations under price flexibility is that both types of models require that output fluctuations not be strongly damped by rising costs. This suggests that researchers interested in either sticky price or sunspot models should draw from each other's work, as this paper on price rigidity draws on the sunspot models of Farmer (1994,1996) and Gali (1994) .
Future researchers may wish to incorporate "real rigidities" other than increasing returns or countercyclical markups in order to enhance endogenous price rigidity. The link between real rigidities and features conducive to sunspot fluctuations is particularly helpful in this regard. For example, Wen (1996) illustrates that variable capital utilization, combined with small increasing returns, can generate sunspot fluctuations. The ability of variable capital utilization to lower the elasticity of marginal cost with respect to output and enhance price rigidity is already being explored in Dotsey, King, and Wolman (1997) . Another possibility is financial market imperfections which make the cost of capital less procyclical (perhaps because net worth increases and hence lowers agency costs in a boom). Kiley (1997a) illustrates that this mechanism for lowering the procyclicality of marginal costs can lead to sunspot fluctuations, and, following the intuition herein, financial market imperfections of this type also raise endogenous price rigidity under staggered price setting. 
